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METHOD AND APPARATUS FOR INTERLEAVING A DATA STREAM 

BACKGROUND 
Field 

5 The invention is related to interleaving data streams, such as binary data streams. 

Background Information 

In some situations it is desirable to have the capability to insert or remove groupings of bits 
or binary digital signals, such as, for example, from a data stream. It may also be desirable in 
some situations to interleave two separate data streams into a single data stream. One example, 
10 although not the only example, in which it is desirable to include the capability to insert or extract 
groupings of binary digital signals occurs in connection with virtual local area network (VLAN) 
tagging of binary digital signals, such as in an ethernet compliant system. VLAN tagging is being 
□ proposed as a recent addition to IEEE standard 802.1 . See, for example. Draft Standard 
p P802.1Q/D9, IEEE Standards for Local and Metropolitan Area Networks: Virtual Bridged Local 
W Area Networks, available from the Institute of Electrical and Electronic Engineers, Inc. (IEEE), 345 
O East 47'^ Street, New York, N.Y., 10017. 

SUMMARY 

p Briefly, in accordance with one embodiment of the invention, a method of interleaving a 

^ data stream may occur as follows. A sequence of groupings of bits or binary digital signals from a 
data stream, the groupings have a predetermined size, are written from a data bus into a memory. 

£0 Selective groupings stored in the memory are applied to a first multiplexer (MUX). Groupings 
applied to the first MUX are then applied to a second MUX. At least one grouping, applied to a 
third MUX, is applied to the second MUX between applying groupings from the first MUX to the 

25 second MUX. 

Briefly, in accordance with another embodiment of the invention, an integrated circuit 
includes: a memory, a plurality of multiplexers, and a state machine. The memory, multiplexers 
and state machine are coupled so that selected groupings of bits from the received bit stream are 
capable of being extracted to produce another bit stream different from the received bit stream. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particularly pointed out and distinctly 
claimed in the concluding portion of the specification. The invention, however, both as to 
organization and method of operation, together with objects, features, and advantages thereof, 
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may best be understood by reference to the following detailed description when read with the 
accompanying drawings in which: 

FIG. 1 is a block diagram illustrating an embodiment of a circuit for interleaving a data 

stream. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific details are set forth in order to 
provide a thorough understanding of the invention. However, it will be understood by those 
skilled in the art that the present invention may be practiced without these specific details. In 
other instances, well-known methods, procedures, components and circuits have been described 
in detail so as not to obscure the present invention. 

It is sometimes desirable to insert and/or remove consecutive binary digital signals, referred to in 
this context as groupings of bits, from a data stream. Likewise, although the invention is not 
* limited in scope in this respect, it may be desirable to interleave two data streams to form a single 

data stream. In yet another example, although, again the invention is not limited in scope in this 
J: respect, it may be desirable to insert or remove a virtual local area network (VLAN) tag from a 
U data stream, such as in the context of an ethernet switch or similar device, for example. VLAN 
^ tagging is being proposed as a recent addition to IEEE standard 802.1 . VLAN tags are described, 
a for example, in Draft Standard P802.1Q/D9, IEEE Standards for Local and Metropolitan Area 
iC Networks: Virtual Bridged Local Area Networks, available from the Institute of Electrical and 
U1 Electronic Engineers, Inc. (IEEE), 345 East 47^' Street, New York, N.Y., 10017. 

FIG. 1 is a block diagram illustrating an embodiment of a circuit for interleaving a data 
25 stream in accordance with the present invention. This circuit may be embodied on an integrated 
circuit, although the invention is not limited in scope in this respect. Likewise, a system may 
include a personal computer (PC) adapted to be coupled to an ethernet compliant network, for 
example. Although the invention is not limited in scope in this respect, this system may include 
an integrated circuit including the embodiment illustrated in FIG. 1. As illustrated in FIG. 1, binary 
30 digital signals or bits traverse a data bus 185. In this particular embodiment, a sequence of 
groupings of bits from a data stream are received and written from data bus 1 85 into memory 
110. In this particular embodiment, the groupings have a predetermined size, such as a byte, 
although the invention is not limited in scope in this respect. In this particular embodiment, 
although the invention is not limited in scope in this respect, memory 110 comprises a first-in, 
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first-out memory (FIFO). As illustrated in FIG. 1, FIFO memory 110 includes a FIFO read pointer 
105 and a FIFO write pointer 115. These may be employed to write received groupings of bits 
from the data stream into the FIFO memory and to read groupings of bits from the FIFO memory 
and apply them to MUX 1 20, as shall be explained in more detail hereinafter. 

As illustrated in FIG. 1 , the read and write pointers of FIFO 110 may be employed to 
effectively skip or extract received groupings of bits from the data stream that has been stored in 
the FIFO. For example, once a grouping of binary digital signals, for example, a byte, has been 
written to FIFO 110, read pointer 105 may skip that grouping so that it is not read from FIFO 110 
and applied to MUX 1 20. As illustrated in FIG. 1 , a state machine 1 50 provides the signals to 
FIFO read pointer 105 so that this extraction operation may be accomplished. Likewise, as 
illustrated, state machine 150 also provides signals to MUX ports 125, 135, 145 as well, to 
ensure that the operations occurring at MUXes 1 20, 1 30 and 140 are coordinated with the 
operation of FIFO 1 10 when this extraction operation is performed. It will, of course, be 
appreciated that a variety of digital circuits may be employed to perform the operation of state 
machine 1 50 and, therefore, the invention is not limited in scope to a particular type of circuitry or 
a particular state machine. As previously described, selected groupings of bits from the data 
stream, stored in the FIFO, are read from the FIFO or applied to MUX 120. As illustrated in FIG. 
1 , in this particular embodiment, this operation is performed a grouping at a time. Therefore, a 
grouping of binary digital signals, such as a byte, is applied to MUX 120, all the bits being applied 
to input ports of the MUX substantially simultaneously. One advantage of employing this 
approach, although the invention is not limited in scope in this respect, is that it allows the use of 
a slower speed FIFO while supporting a high output clock rate. More particularly, although bits 
may be received at a relatively high rate by a data bus 185, because groupings of bits are read 
from FIFO 110, more time separates read operations, permitting a relatively slower memory. 

In addition to the extraction operation previously described, this particular embodiment of a 
circuit for interleaving a data stream includes the capability to interleave a grouping or groupings 
of binary digital signals. In this particular embodiment, this capability is provided via the 
arrangement between MUXes 120, 135 and 145, as explained in more detail hereinafter. As 
illustrated in FIG. 1, the output data stream is produced at output port 165 of MUX 140. Signals 
are applied to the input ports of MUX, 140 in this particular embodiment, from the output ports of 
MUXes 120 and 130, respectively. Likewise, a signal applied to MUX select port 145 of MUX 
140 controls which of the input signals applied to MUX 140 appears at its output port 165. 

In this particular embodiment, MUX 1 30 receives input signals from an alternative data 
source. This data source or data stream is to be interleaved with the data stream written to FIFO 
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1 10, as previously described. Therefore, a signal applied to MUX select port 135 of MUX 130 
controls the application of signals from this alternative data source or data stream to MUX 140. 
Likewise, selective groupings stored in FIFO 1 10 may be applied to the input port of 140 via MUX 
120 by the application of a control signal to MUX select port 125 of MUX 120. Therefore, as 
previously illustrated, in this particular embodiment, controlling the signals applied MUX select 
ports 125, 135 and 145 of MUXes 120, 130 and 140 may result in the interleaving of the data 
stream written to FIFO 1 10 and the data stream applied to MUX 130. Although the invention is 
not limited in scope in this respect, the alternative data stream or data source applied to MUX 130 
may comprise bits of binary digital signals representing a VLAN tag, for example. Therefore, this 
tag may be interleaved with the data signals with FIFO 1 10, as a data stream is produced by 
output port 165. 

In one embodiment, although the invention is not limited in scope in this respect, binary 
digital signals may be received via data bus 1 85 and written to FIFO 1 1 0 in bursts of data signals. 
For example, although the invention is not limited in scope in this respect, a dynamic random 
access memory (DRAM) may be coupled to data bus 185 and provide these bursts of bits or 
binary digital signals. 

An embodiment of a method of interleaving a data stream in accordance with the invention 
may be accomplished as follows. A sequence of groupings of bits from a data stream may be 
written from a data bus into memory. For example, as illustrated in FIG. 1, with databus 185 and 
memory 1 10. The groupings in this embodiment have a predetermined size. Selected groupings 
that are stored in the memory may be read from it and applied to a first multiplexer (MUX). Again, 
this is illustrated in FIG. 1 by MUX 1 20. The groupings applied to the first MUX are then applied 
to the second MUX, in this embodiment, by the first MUX. However, at least one grouping is 
applied to the second MUX between applying the groupings from the first MUX to the second 
MUX. 

If FIG. 1, this is accomplished with MUXes 140 and 130. If the at least one grouping is 
from a data stream, then this embodiment provides a method of interleaving the data streams for 
the embodiment illustrated in FIG. 1 , the memory comprises a first-in, first-out memory (FIFO). 
Likewise, the sequence of groupings of bits are received consecutively, via a data bus in this 
embodiment, as previously indicated, and written into memory. The grouping size may comprise a 
byte in one embodiment. One of the groupings may comprise a virtual local area network (VLAN) 
tag. Also, the data signals may be provided in bursts, such as from a burst node dynamic modem 
access memory (DRAM), for example. Of course, the invention is not limited in scope to the 
features of this particular embodiment. 
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While certain features of the invention have been illustrated and described herein, many 
modifications, substitutions, changes and equivalents will now occur to those skilled in the art. 
is, therefore, to be understood that the appended claims are intended to cover all such 
modifications and changes as fall within the true spirit of the invention. 
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Claims: 

11. A method of interleaving a data stream comprising: 

2 writing a sequence of groupings of bits from the data stream, the groupings having 

3 a predetermined size, from a data bus into a memory; 

4 applying selected groupings read from the memory to a first multiplexer (MUX); 

5 applying the groupings applied to the first MUX to a second MUX; and 

6 applying at least one grouping to the second MUX between applying groupings fror 

7 the first MUX to the second MUX. 

1 2. The method of claim 1 , wherein the memory comprises a first-in, first-out memory (FIFO). 

1 3. The method of claim 1 , wherein each of the groupings comprises a byte. 

1 4. The method of claim 1 , wherein said at least one grouping comprises bits representing a 

m virtual local area network (VLAN) tag. 

1 5. The method of claim 4, wherein said at least one grouping comprises bits originating from 

W another data stream. 

% 6. The method of claim 0-1 , wherein writing a sequence of groupings of bits into a memory 

5 comprises receiving a consecutive sequence of groupings of bits and writing the consecutive 

,3 sequence into the memory. 

3 7. The method of claim 6, wherein receiving a consecutive sequence of groupings of bits an 

S writing the consecutive sequence into the memory comprises receiving bursts of data signals an^ 

1 writing the received bursts of data signals to the memory. 

la 8. The method of claim 6, wherein the bursts of data signals are provided via the data bus 

2 from at least one burst-mode memory. 

1 9. The method of claim 8, wherein the at least one burst mode memory comprises at least 

2 one burst mode dynamic random access memory (DRAM). 

1 10. The method of claim 1 , wherein applying selected groupings read from the memory to a 

2 first MUX comprises selecting, from the stored groupings, groupings that represent signal 

3 information other than a virtual local area network (VLAN) tag. 

1 11. The method of claim 1 , wherein applying groupings read from memory to the first MUX 

2 occurs a grouping at a time. 

1 12. An integrated circuit (10) comprising: 

2 a memory, a plurality of multiplexers (MUXes), and a state machine; 
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3 said memory, MUXes and state machine being coupled so that, responsive to applied 

4 control signals, selected groupings of bits from a received bit stream are capable of being 

5 extracted to produce another bit steam different from the received bit stream. 

1 13. The IC of claim 12, wherein said state machine comprises a memory extraction state 

2 machine. 

1 14. The IC of claim 12, wherein said memory comprises a first-in, first-out memory (FIFO). 

1 15. The IC of claim 12, wherein said memory and MUXes are further coupled so that, 

2 responsive to additional applied control signals, at least one selected grouping from another data 

3 stream may be inserted to produce a bit stream different from the received bit stream. 

1 16. The IC of claim 15, wherein said memory comprises a first-in, first-out memory (FIFO), and 

2 said state machine comprises a FIFO extraction state machine. 

1 17. The IC of claim 15, wherein said memory is adapted to receive said received bit stream in 
bursts of data signals. 

1^ 18. / A system comprising: a computer adapted to be coupled to an ethernet compliant 

^ network; said computer including an integrated circuit; the integrated circuit comprising a memory, 

if a plurality of multiplexers (MUXes) and a state machine; said memory, MUXes, and state machine 

being coupled so that, responsive to applied control signals, selected groupings of bits from a 

5 - received bit stream are capable of being extracted to produce another bit stream different from the 

^ received bit stream. 

13: 19. The system of claim 18, wherein said memory and MUXes are further coupled, so that, 

in responsive to additional control signals, at least one selected grouping from another data stream 

ilj; may be inserted to produce yet another bit stream different from the received bit stream. 
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ABSTRACT 

Briefly, in accordance with one embodiment of the invention, a method of interleaving a 
data stream may occur as follows. A sequence of groupings of bits or binary digital signals from a 
data stream, the groupings have a predetermined size, are written from a data bus into a memory. 
Selective groupings stored in the memory are applied to a first multiplexer (MUX). Groupings 
applied to the first MUX are then applied to a second MUX. At least one grouping, applied to a 
third MUX, is applied to the second MUX between applying groupings from the first MUX to the 
second MUX. 

Briefly, in accordance with another embodiment of the invention, an integrated circuit 
includes: a memory, a plurality of multiplexers, and a state machine. The memory, multiplexers 
and state machine are coupled so that selected groupings of bits from the received bit stream are 
capable of being extracted to produce another bit stream different from the received bit stream, 
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I believe I am the original, first, and sole inventor (if only one name is listed below) or an original, 
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METHOD AND APPARATUS FOR INTERLEAVING A DATA STREAM 

the specification of which 

_X is attached hereto. 

was filed on 

United States Application Number 



or PCT International Application Number, 
and was amended on . 



(if applicable) 
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America before my invention thereof, or patented or described in any printed publication in any 
country before my invention thereof or more than one year prior to this application, that the same 
was not in public use or on sale in the United States of America more than one year prior to this 
application and that the invention has not been patented or made the subject of an inventor s 
certificate issued before the date of this application in any country foreign to the United States ot 
America on an application filed by me or my legal representatives or assigns more than twelve 
months (for a utility patent application) or six months (for a design patent application) pnor to this 
application. 

I acknowledge the duty to disclose all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, Section 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d), of any 
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or PCT international filing date of this application: 



(Application Number) Filing Date (Status -- patented, 

pending, abandoned) 



(Application Number) Filing Date (Status - patented, 

pending, abandoned) 
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I hereby appoint Farzad E. Amini, Reg. No. P42,261; Aloysius T. C. AuYeung, Reg. No. 35,432; William 
Thomas Babbitt, Reg. No. 39,591; Jordan Michael Becker, Reg. No. 39,602; Bradley J. Bereznak, Reg. 
No. 33,474; Michael A. Bernadicou, Reg. No. 35,934; Roger W. Blakely, Jr., Reg. No. 25.831; Gregory D. 
Caldwell, Reg. No. 39,926; Kent M. Chen, Reg. No. 39,630; Lawrence M. Cho, Reg. No, 39,942; Thomas 
M. Coester, Reg. No. 39,637; Roland B. Cortes, Reg. No. 39,152; Barbara Bokanov Courtney, Reg. No, 
P42,442; William Donald Davis, Reg. No. 38,428; Michael Anthony DeSanctis, Reg. No. 39.957; Daniel M. 
De Vos, Reg. No. 37,813; Robert Andrew Diehl, Reg. No, 40,992; Tarek N. Fahmi, Reg. No. 41,402; 
Richard Leon Gregory, Jr., P42,607; James Y. Go, Reg. No. 40,621; Sharmini Nathan Green, Reg. No. 
41,410; David R. Halvorson, Reg. No. 33,395; Thomas A. Massing, Reg. No. 36,159; Eric Ho, Reg. No. 
39,711; George W Hoover II. Reg. No. 32,992; Eric S. Hyman, Reg. No. 30,139; Dag H. Johansen, Reg. 
No. 36,172; Stephen L. King, Reg. No. 19,180; Michael J. Malfie, Reg. No. 36,591; Paul A. Mendonsa, 
Reg. No. P42,879; Darren J. Milliken, P42,004; Thinh V. Nguyen, P42,034; Kimberley G. Nobles, Reg. No. 
38,255; Michael A. Proksch, Reg. No. P43,021; Ronald W. Reagin. Reg. No. 20,340; Babak Redjaian, 
P42,096; James H. Salter, Reg. No. 35,668; William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg, 
No. 31,195; Anand Sethuraman, Reg. No. P43,351 ; Charles E. Shemwell, Reg. No. 40,171; Maria 
McCormack Sobrino, Reg. No. 31,639; Stanley W. Sokoloff, Reg. No. 25,128; Allan T. Sponseller, Reg. 
No. 38,318; Steven R. Sponseller, Reg. No. 39,384; Geoffrey T. Staniford, P43,151; Judith A. Szepesi, 
Reg. No. 39,393; Edwin H. Taylor, Reg. No. 25,129; George G. C. Tseng, Reg. No. 41,355; Lester J. 
Vincent, Reg. No. 31,460; John Patrick Ward, Reg. No. 40,216; Ben J. Yorks, Reg. No. 33,609; and 
Norman Zafman, Reg. No. 26,250; my attorneys; and Edwin A. Sloane, Reg. No. 34,728; my patent agent, 
of BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP, with offices located at 12400 Wilshire Boulevard, 
7th Floor, Los Angeles, California 90025, telephone (310) 207-3800, and Alan K. Aldous, Reg. No. 
31,905; Robert D. Anderson, Reg. No. 33,826; Joseph R. Bond, Reg. No. 36,458; Richard C. CaldenA^ood, 
Reg. No. 35,468; Cynthia Thomas Faatz, Reg No. 39.973; Sean Fitzgerald, Reg. No. 32,027; Seth Z. 
Kalson, Reg. No. 40,670; David J. Kaplan, Reg. No. 41,105; Leo V. Novakoski, Reg. No. 37,198; Naomi 
Obinata, Reg. No. 39,320; Thomas C. Reynolds. Reg. No. 32,488; Steven P. Skabrat, Reg. No. 36,279; 
Howard A. Skaist, Reg. No. 36,008; Steven C. Stewart, Reg. No. 33,555; Raymond J. Werner, Reg. No. 
34,752; and Charles K. Young, Reg. No. 39,435; my patent attorneys, of INTEL CORPORATION; and 
James R. Thein, Reg. No. 31 ,710, my patent attorney; with full power of substitution and revocation, to 
prosecute this application and to transact all business in the Patent and Trademark Office connected 
herewith. 

Send correspondence to Howard A. Skaist, Intel Corporation , c/o BLAKELY, SOKOLOFF, TAYLOR 

(Name of Attorney or Agent) 
& ZAFMAN LLP, 12400 Wilshire Boulevard, 7th Floor, Los Angeles, California 90025 and direct 

telephone calls to Howard A. Skaist , (503) 264-0967. 

(Name of Attorney or Agent) 

i hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 



I 



Full Name of Sole/First Inventor Scptt L. Baker 

Inventor's Signature - 



Residence Portland. Oregon 



Citizenship LLSA — 

(City, State) (Country) 



Post Office Address 4450 NW Kahneeta Drive 
Portland. OrROon 97229 



Full Name of Second/Joint Inventor. 
Inventor's Signature 



Full Name of Third/Joint Inventor . 
Inventor's Signature 



Full Name of Fourth/Joint Inventor . 
Inventor's Signature 



Date. 



Residence Citizenship 

(City, State) (Country) 

Post Office Address ^ 



Date 



Residence ^ . Citizenship 

(City, State) (Country) 

Post Office Address 



Date. 



Residence Citizenship 

(City, State) (Country) 

Post Office Address 



-4- 



